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Linked between observed AMV and tropical Pacific
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2m temperature – Observed AMV composites: DJFM
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Linked between observed AMV and tropical Pacific
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North Atlantic SST time series (Ting et al. 2009)

AMV

Externally forced variability

Atlantic Multidecadal Variability (AMV)

HadCUTv4

• Presence of external forcing

• Existence of internal variability not driven by North Atlantic,

• Limited historical record with respect to the timescales considered

Uncertainties about observed AMV impacts on Pacific

2m temperature – Observed AMV composites: DJFM

Observed AMV pattern



Targeted numerical experiments: the idealized AMV simulations

Protocol adopted by Decadal Climate Prediction Panel of CMIP6 (Boer et al. GMD 2016)

Observed AMV pattern

➢ Total of 23 sets of simulations (from 15 CGCMs)

➢ 1xAMV forcing (9)
➢ 2xAMV forcing (9) + (2) SLAB ocean
➢ 3xAMV forcing (3)

AMV-

AMV+

Protocol:

Observed AMV pattern anomalies 

imposed over CGCM N. Atlantic

Free ocean-ice-land-atmosphere 

interactions outside of N. Atlantic

10yr long large ensemble 

experiments 

Coupled Global Climate Model
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Multi-Model Mean confirms observed AMV – Pacific link…

HadCUTv4

T2m – MMM AMV+ - AMV-: DJFM

(10yr averaged ensemble mean)

MMM = Multi Model Mean

T2m – Observed AMV composites: DJFM

T2m = 2-meter air temperature
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MMM = Multi Model Mean

… but large inter-model spread

T2m – MMM AMV+ - AMV-: DJFMT2m – Observed AMV composites: DJFM

T2m = 2-meter air temperature



Origins of the inter-model spread?

• Li et al. (2016) decomposed AMV – Pacific impacts:

Phase-1: Atlantic forcing Phase-2: Indo-Pacific feedback

HadCUTv4

(10yr averaged ensemble mean)

MMM = Multi Model Mean

T2m – MMM AMV+ - AMV-: DJFMT2m – Observed AMV composites: DJFM

T2m = 2-meter air temperature



1) Is the winter Pacific response linked to summer Pacific conditions?

(vertical transport = positive downward)

Inter-model correlation of -0.87 between DJFM NINO3.4 and JJAS Trop. Pac. subsidence

MMM = Multi Model Mean

MMM AMV+ - AMV-
(10yr averaged ensemble mean)

JJAS – wap@500hPa

VS

DJFM – T2m

(wap: vertical air transport on pressure coordinates)



Origins of inter-model spread?2) Is the Pacific subsidence linked to ascendance over tropical regions?

(positive vertical transport = downward motion)

JJAS – wap@500hPa

(wap: vertical air transport on pressure coordinates)

JJAS – wap@500hPa

VS

MMM AMV+ - AMV-
(10yr averaged ensemble mean)

Trop. Pac. subsidence almost completely compensated by ascendance within tropics

MMM = Multi Model Mean



Origins of inter-model spread?2) Is the Pacific subsidence linked to ascendance over tropical regions?

(positive vertical transport = downward motion)

JJAS – wap@500hPa

(wap: vertical air transport on pressure coordinates)

JJAS – wap@500hPa

VS

MMM AMV+ - AMV-
(10yr averaged ensemble mean)

Trop. Pac. subsidence almost completely compensated by ascendance within tropics

TropPac TropAtlTropInd

𝑽𝒂𝒓 𝒘𝒂𝒑𝑷𝒂𝒄
𝟓𝟎𝟎 ~ 𝑽𝒂𝒓 𝒘𝒂𝒑𝑰𝒏𝒅

𝟓𝟎𝟎 + 𝑽𝒂𝒓 𝒘𝒂𝒑𝑨𝒕𝒍
𝟓𝟎𝟎 + 𝑪𝑶𝑽

(wap: vertical air transport on pressure coordinates)



Origins of inter-model spread?3) Which region dominates the ascendance anomalies?

𝑽𝒂𝒓 𝒘𝒂𝒑𝑷𝒂𝒄
𝟓𝟎𝟎 ~ 𝑽𝒂𝒓 𝒘𝒂𝒑𝑰𝒏𝒅

𝟓𝟎𝟎 + 𝑽𝒂𝒓 𝒘𝒂𝒑𝑨𝒕𝒍
𝟓𝟎𝟎 + 𝑪𝑶𝑽

JJAS – wap@500hPa

(wap: vertical air transport on pressure coordinates)

JJAS – wap@500hPa

VS

MMM AMV+ - AMV-
(10yr averaged ensemble mean)

19%69%

(positive vertical transport = downward motion)MMM = Multi Model Mean



Origins of the inter-model spread?

• Li et al. (2016) decomposed AMV – Pacific impacts:

Phase-1: Atlantic forcing Phase-2: Indo-Pacific feedback

HadCUTv4

(10yr averaged ensemble mean)

MMM = Multi Model Mean

T2m – MMM AMV+ - AMV-: DJFMT2m – Observed AMV composites: DJFM

T2m = 2-meter air temperature



Origins of inter-model spread?Origins of spread in TropInd ascendance?

(positive vertical transport = downward motion)

Trop. Ind. ascendance linked to lapse rate over WarmPool
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Origins of inter-model spread?Origins of spread in TropInd ascendance?

(positive vertical transport = downward motion)

Trop. Ind. ascendance linked to lapse rate over WarmPool



Origins of inter-model spread?Origins of spread in tropical upper troposphere temperature?

• Mean tropical troposphere temperature profile often considered in a moist-

adiabatic equilibrium with mean tropical SST.

• But regions with no convection (e.g. cold SST regions) are not directly connected to 

upper troposphere.

• Sobel et al. (2003) proposed to use precipitation weighted mean SST 𝜬𝑺𝑺𝑻:

Ρ𝑆𝑆𝑇 =
𝑃𝑟× 𝑆𝑆𝑇

𝑃𝑟

where 𝑃𝑟 is the sum over the tropics (20ºS-20ºN) of the precipitation.

• Here, we generalized this formula to also take into account changes over land by 

using the surface equivalent potential temperature θE:

𝚸𝜽𝑬 =
𝑷𝒓 × 𝜽𝑬
𝑷𝒓



Origins of inter-model spread?Origins of spread in tropical upper troposphere temperature?

𝚸𝜽𝑬 =
𝑷𝒓 × 𝜽𝑬
𝑷𝒓

𝚸𝜽𝑬
′ = 𝒇𝑷𝒓′ 𝑷𝒓

′, 𝜽𝑬 + 𝒇𝜽𝑬
′ 𝑷𝒓, 𝜽𝑬

′ + 𝑹𝒆𝒔



Origins of inter-model spread?Origins of spread in tropical upper troposphere temperature?
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Origins of inter-model spread?Origins of spread in tropical upper troposphere temperature?

ഥ𝚸𝜽𝑬
′ =

𝑷𝒓 × 𝜽𝑬
′

𝑷𝒓
=

𝑷𝒓 × 𝜽𝑬
′

𝑰𝒏𝒅

𝑷𝒓
+

𝑷𝒓 × 𝜽𝑬
′

𝑷𝒂𝒄

𝑷𝒓
+

𝑷𝒓 × 𝜽𝑬
′

𝑨𝒕𝒍

𝑷𝒓



Origins of inter-model spread?To summarize

• Idealized AMV experiments confirm the observed link between AMV and tropical Pacific:

 23/23 simulations show tropical Pacific cooling in response to AMV warming.

• Large inter-model spread in Trop. Pac. cooling response to a given AMV warming

 factor 5 among models

• Spread coming from Trop Pac. subsidence response in summer:

 19% Trop. Atl. ascendance

 69% Trop. Ind. ascendance.

• Trop. Ind. ascendance spread linked to upper troposphere response

 dictated by Trop. Atl. temperature conditions: 
𝑷𝒓×𝜽𝑬

′
𝑨𝒕𝒍

𝑷𝒓

2 variables control the spread in the Trop. Pac. response:

 Trop. Atl. ascendance (wap@500)

 Trop. Atl. injection of moist static energy (ഥ𝚸𝜽𝑬
′ )
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Origins of inter-model spread?Stay home messages

1. Everything is driven by the Atlantic 

2. We need to understand the difference of model responses over tropical Atlantic

Thank you!


